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HYDROGRAPHY OF LYDONIA CANYON:

DATA REPORT FOR R/V OCEANUS CRUISE 91, JANUARY 1981

John A. Moody, Bradford Butman, and Sandra J. Conley

INTRODUCTION

This report presents hydrographic data obtained on R/V OCEANUS cruise 91, 
conducted between January 16-22, 1981. Hydrographic measurements 
(temperature, salinity, oxygen, and light transmission), nutrient measurements 
(phosphate, nitrate, silicate, nitrite, ammonia and chlorophyll) and suspended 
matter measurements were obtained around Lydonia Canyon (lat 40°30' N., long 
67°30' W.) and the adjacent continental shelf (fig. 1).

During the R/V OCEANUS 91, a total of 30 hydrographic profiles were 
obtained, 18 by means of a conductivity-temperature-depth (CTD) profiler and 
12 by means of expendable bathythermographs (XBT's). Stations are numbered 
sequentially and station information is tabulated in table 1. The stations 
were spaced about 3 km apart and arranged in 5 sections (fig. 2). Sections 1 
and 2 were perpendicular to the canyon axis, section 3 followed the canyon 
axis and section 4 was 5-10 km east and parallel to the canyon axis across the 
adjacent shelf and slope. Section 5 (fig. 1) started in 64 m of water, 
crossed the shelf, and ended 15 km from the head of Lydonia Canyon in 78 m of 
water. The southern part of sections 3 and 4 may have crossed the northern 
edge of the warm eddy 80-G which was located southeast of Lydonia Canyon (fig. 
1).

OBJECTIVES

This survey was designed to provide hydrographic and nutrient data 
sections in and surrounding Lydonia Canyon during winter. The sections were 
designed to aid in the interpretation of current, temperatures, pressure, and 
light transmission measured by a large moored instrument array (fig. 3) 
located at the head of Lydonia Canyon, on the adjacent canyon walls, on the 
adjacent slope, and in the canyon itself (Butman and others, 1983; Butman and 
Conley, 1984).

STATION PROCEDURES

At each XBT station, surface salinity data were obtained using a bucket 
sampler and an XBT was released while the ship was underway. At each CTD 
station, the ship was stopped and a surface-water sample was obtained, using a 
bucket sampler for analysis of salinity and nutrients. All nutrient samples 
were immediately frozen for analysis on shore. The CTD (with 10-liter(L) 
Niskin bottles attached to a General Oceanics Rosette) was lowered and held at 
the surface while CTD surface readings, latitude, longitude and water depth 
were recorded in a log. The CTD was then lowered at approximately 30 m/min 
and stopped approximately 2-5 m above bottom. After the deepest readings were 
recorded, one Niskin bottle was closed electronically. The CTD was then



raised at approximately 50 m/min and stopped at nominal depths of 400, 150, 
120, 100, 60 and 30 m, CTD readings were recorded in the deck log at each stop 
and another Niskin bottle was closed electronically. The Niskin bottles were 
removed and 1 water sample was collected for analysis of salinity and 1-3 
samples for measurement of oxygen. A sample was taken for nutrient analysis 
(PO^, Si^, N03, N02> NH^ see Appendix IV), which was performed later at the 
Woods Hole Oceanographic Institution (WHOI). Approximately 2-liters of sea 
water was filtered through paired 0.45-mm Millipore filters for determination 
of suspended matter concentration. Water samples (~500 ml) for chlorophyll 
determination were filtered through glass fiber filters using a vacuum 
pressure of 10-inches of mercury. Within 24-hours the chlorophyll was 
dissolved by grinding in 90 percent acetone and the fluorescence of the 
resulting solution was compared to a chlorophyll a standard using a Turner 110 
fluorometer. The results of nutrient and chlorophyll analysis are listed in 
table 3; the results for suspended matter are listed in table 4. Bottle 
samples were not obtained at all depths because of some bottle malfunctions. 
Samples of nutrients were obtained at 18 stations, suspended matter at 
15 stations, oxygen at 6 stations, and salinity at 29 stations. The oxygen 
and salinity samples were used as calibration checks on the CTD. 
Meterological observations made during the cruise were obtained from the ships 
log and are listed in tables 5 and 6.

INSTRUMENT DESCRIPTION

The CTD profiler (Neil Brown Instrument Systems, Mark III) was modified 
to also measure oxygen and light transmission. A scan of data (conductivity, 
temperature, pressure, oxygen current, oxygen temperature, and light 
transmission) was obtained 32 times each second. Conductivity was measured 
with a miniature four-electrode alumina ceramic cell (Neil Brown Instrument 
//B10086). The temperature sensor was a platinum resistance thermometer 
(Rosemount Engineering Co., model 171-BJ) mounted in a temperature bridge with 
a reference resistor. Pressure was measured with a bonded wire strain gauge 
bridge (Standard Control, Inc., model no. 211-35-440). The dissolved oxygen 
was computed from a time average measurement (1.024 s) of the current and 
internal temperature of a polargraphic membrane (Beckman model no. 147737). 
Light transmission was measured using a Sea Tech 25-cm path length 
transmissometer (Bartz and others, 1978) mounted horizontally inside the CTD 
cage. The light source was a light emitting diode with a wavelength of 660 nm 
and a beam diameter of 20 mm. All sensor ranges, accuracies, and resolutions 
from manufacturers' specifications are listed in Appendix II. For more 
detailed technical description of the CTD system, see Brown and Morrison 
(1978), and for more detailed description of field performance, see Fofonoff 
and others (1974).

Expendable bathythermographs or XBT's (Sippican Ocean Systems, models 
T-4, T-5, T-6, T-7, and T-10) were used to measure vertical temperature 
profiles. Systematic differences in XBT (models T-4 and T-7) and CTD profiles 
have been reported by Heinmiller and others (1983) from field data. They 
found mean temperature difference (XBT-CTD) of 0.19°C and 0.13°C for the T-4 
and T-7 compared to the generally accepted accuracy of ~0.1°C (Georgi and 
others, 1980). They also found that the mean T-7 depth error was within the 
generally accepted depth accuracy of ±2% of the recorded depth (Stegen and 
others, 1975) but the T-4 XBT's exceeded this below ~200 m. The XBT data in 
this report were not corrected for these possible systematic errors.



The salinity of water samples collected during the CTD cast was measured 
by a salinometer (Guildline Autosal 8400) and the oxygen was measured by the 
Winkler chemical titration method. The accuracies of both methods are listed 
in table 2.

Navigation was by a Northstar 6000 Loran-C, and latitude and longitude 
were determined by the Northstar 5101 algorithm. The Northstar latitude/ 
longitude grid in this region is offset from true latitude/longitude by about 
0.92 km toward 294.5° (Butman and Moody, 1984). Water depth at each station 
was measured by means of a Gifft echo sounder.

INSTRUMENT CALIBRATION 

Temperature time-lag

The platinum resistance thermometer time constant (Tlag = 0.125 s) was 
selected to minimize density inversions in regions of strong thermal 
gradients. Since the temperature sensor had a slower response than the 
conductivity and pressure sensors, an exponential recursive filter (Bendat and 
Piersol, 1971) was applied to the conductivity and pressure series to lag 
these variables to match the temperature (Millard, 1982). The digital form of 
the filter is:

y(t) = y(t-dt)   WO + x(t)   Wl
dt = CTD sampling time interval = 0.03125 s
y(t) is the filtered output of conductivity or pressure
y(t-dt) is the previous value
x(t) is the unfiltered input
WO = e-dt/ Tlag

Wl = 1 - WO

A post-cruise laboratory calibration of the CTD temperature was done on 
March 31, 1981 at the Neil Brown Instrument Systems, Inc.(NBIS) and the 
temperature offset (calibration bath - CTD) ranged between +0.0008°C at 0° and 
-0.0026°C at 15°C. No correction was made to the temperatures measured by the 
CTD to account for these offsets.

Salinity

Salinity and sigma-t were calculated from conductivity, temperature, and 
pressure using algorithms given by Fofonoff and Millard (1983). Salinity 
values of the bottle samples collected during CTD casts were determined using 
a salinometer (see table 2 for accuracy). The 22 bottle salinities and the 
salinities computed from the CTD observations are listed in table 2. The mean 
difference (bottle-CTD) for the 18 surface salinities was -0.006 psu 
(practical salinity units; Lewis, 1980; Fofonoff and Millard, 1983) with a 
standard deviation of ±0.038 psu. Some of the difference between the bottle 
and CTD values of salinity could be due to the difference in depth of the CTD 
(1-4 m) compared with the bucket sample obtained at the surface. The CTD 
values of salinity selected for comparison with the bottle samples at lower 
depths were measured on the downcast, which was often separated from the 
bottle samples collected on the upcast by several minutes. If there was a 
vertical gradient in the region of the bottle sample, ship heave, etc., could 
also cause a large uncertainity in the bottle salinity. The uncertainity in



salinity (see AS in table 2) caused by a vertical gradient was estimated as 
the product of the salinity gradient (determined over 10 m centered 
approximately at the expected bottle depth) times 2 dbar (a typical CTD or 
bottle excursion caused by ship motion). The uncertainity AS was estimated to 
be 0.040 psu and 0.016 psu for station 7 (129 m) and station 10 (98 m) , 
respectively, and represents a large portion of the residual. The mean 
residual from four deep bottle samples was -0.078 psu with a standard 
deviation of ±0.123 psu. No correction was made to the salinities reported 
here to account for this offset between bottle and CTD salinities.

A post-cruise laboratory calibration of conductivity was done on April 1, 
1981 at Neil Brown Instrument Systems, Inc. and the offset (calibration bath - 
CTD) ranged between -0.003 mmhos and -0.007 mmho which corresponds to salinity 
values of -0.003 psu and -0.005 psu.

Oxygen

The oxygen sensor did not work and no reliable oxygen measurements were 
obtained using the CTD. Oxygen was measured by Winkler chemical titration 
method (Strickland and Parson, 1972) at six stations and these oxygen values 
are listed in Table 2.

Light transmission

The beam attenuation coefficient, ATN (in m"" 1 ) over a 100-cm path length, 
was computed from the measured transmissometer voltages (TR) using

ln RATN _ 
0.25

where TRCW is the voltage measured in clear water. TRCW can be determined as 
0.95 times the measured voltage in air or in a laboratory tank (see Moody and 
others, 1986 for method). The transmission sensor (SN 44) was calibated in 
the laboratory 1 day prior to the cruise and gave a value of TRCW equal to 
4.71 volts.

SUMMARY

Based on these calibrations, the CTD temperature and salinity data are 
accurate to ±0.003°C and 0.01 psu, respectively. The changes in the 
attenuation coefficient are accurate to about ±0.04 m   Because there is 
some uncertainity in the normalization voltage for the transmissometer, 
however, the absolute value of the coefficients could be offset by a constant.

DATA PROCESSING

The CTD data (pressure, temperature, conductivity, oxygen current, oxygen 
temperature, and light transmission) were recorded on both 9-track magnetic 
tape (see Appendix III) and 1/4" FM tape. The data were processed ashore 
using the techniques described by Millard (1982). The original 9-track data 
tapes were first checked for proper format and station sequence, and the data 
were transferred to disc storage. The data obtained on both upcast and 
downcast were subsampled (usually every 100 to 200 points) and listed and 
plotted to check instrument performance. Wild points were identified and



replaced with the previous good value using range filters for each variable. 
The ranges were typically 1 variable unit except for transmission which was 
0.05-0.10 volts. The conductivity and pressure data were time lagged to 
correct for the time constant of the temperature sensor (see above), and then 
filtered to obtain a monotonically increasing series in pressure. The 
pressure and temperature channels of the CTD did not update properly so that a 
special filter was used to eliminate all data scans in which the pressure or 
temperature difference (current scan - previous scan) were less than ±0.05 
dbar or ±0.001°C, respectively. This eliminated about 95 to 97 percent of the 
scans, leaving about 0.4-3.0 scans per dbar. The data were therefore averaged 
over a 10 dbar pressure interval which gave a maximum of between 8 and 41 
scans per interval and a minimum of one scan per interval for a few depths at 
some stations. These averaged data were used to contour the hydrographic 
sections presented in this report. The data was not submitted to the National 
Oceanographic Data Center (NODC) to be archived because the 10-dbar averaging 
interval was not compatible with the NODC format and the oxygen values were 
not reliable.

The XBT data were recorded on a strip chart. The traces were digitized 
approximately every 2 m with a depth accuracy of ±1 m and a temperature 
accuracy of ±0.2°C. The XBT data were not averaged to 10-dbar intervals due 
to the irregular number of data points.

DATA PRODUCTS 

Vertical sections

The hydrographic data are presented in several ways. Vertical sections 
are shown in figures 4-8. The sections are numbered as OC091-N, where N is 
the section number (see fig. 1 and column 2 of table 1). The station numbers 
for each section are labeled across the top with the station type (C = CTD or 
X = XBT) and surface value of the contoured variable printed below. The 
vertical scale (1 cm = 40 m) is the same for all sections. The horizontal 
scale (1 cm = 1 km) for sections 1 and 2 across the canyon is not the same as 
the horizontal scale (1 cm = 6.5 km) for the sections parallel to the canyon 
axis (3, 4, and 5).

The contour interval for each variable is the same for all sections and 
every fifth contour is thicker. Because of the contouring algorithms used, 
these sections do not show much detail at vertical scales less than 10 m and 
are intended to give an overall picture of the hydrography.

The sections showing temperature, salinity, sigma-t and light attenuation 
coefficient used the 10-dbar-averaged data which were contoured using DISSPLA 
graphic subroutines (Integrated Software Systems Corp., 1981). These 
subroutines require data on a regularly spaced grid in both the horizontal and 
vertical. A regularly spaced vertical grid of 2N-1 grid lines, where N is the 
number of stations, was constructed for each hydrographic section. The 
leftmost and rightmost vertical grid lines were set at the first and last 
stations in the section. The spacing between the remaining vertical grid 
lines was determined by computing the sum of the great circle distance between 
successive stations along the trackline and dividing by 2N-2. The position of 
the equally spaced, interior, vertical grid lines does not always correspond 
to a station location. Horizontal grid lines were spaced every 10 m.



Data values at each regularly spaced grid point were computed as a 
weighted average of the irregularly spaced data within a region one 10-m cell 
vertically and usually five cells horizontally (two on either side) from the 
grid point. The data were weighted by D~3 where D is the distance (in grid 
units) between the location of the data values and the grid point. This 
smoothing removes some of the fine structure from the sections and may spread 
some of the frontal features.

The contouring algorithm has no provisions for terminating contours at 
the sea floor and requires data in a rectangle. For the sections in this data 
report, the left and right boundaries are the left and right vertical grid 
lines, the top boundary was the sea surface, and the bottom boundary was the 
deepest cast in the section. To speed contouring and to obtain reasonable 
contours at the sea floor, data were provided below the measurement depth by 
repeating the data measured at the greatest depth to a distance H into the 
bottom below the last measured value. Data below the distance H were taken 
from values observed at an adjacent deeper station, shifted upward or downward 
by a constant so that the values matched at the starting depth. In some cases 
the values from an adjacent station were inserted below the depth H without 
adjusting by a constant. The constant distance H ranged from 0 to 100 m and 
was adjusted for each station to make the contours meet the sea floor in as 
reasonable a way as possible. The shape and slope of the contours near the 
sea floor should be interpreted with care. Contours below the sea floor were 
deleted in the sections presented here.

The contouring algorithm used a linear interpolation between the adjacent 
regularly spaced points. The tension parameter, which controls the smoothness 
vs. straight line connection of points of equal value, was varied over its 
entire range between 1 and 10 and little difference was noted in the contours 
due to the high density of data points to control the contours.

The sections showing nutrients and suspended matter had only 3-5 data 
points per station and were contoured by hand.

Horizontal sections

Horizontal sections of temperature, salinity, sigma-t, and light 
attenuation coefficient were contoured for the 10, 50, 100, and 200 dbars 
pressure surfaces (figs. 9-24), and the nutrients (PO^, SiO^, NO^,) and 
chlorophyll were contoured for the 0 and 100 dbar surface (figs. 25-32). 
Because of the sparse data, all horizontal sections were contoured by hand.

TS diagrams

Plots of temperature vs. salinity (TS plots in figs. 33-36) were 
organized by section (see column 2 of table 1). The symbol for each station 
was plotted every 100 dbar and the 100-, 200- and 500-dbar points have been 
annotated.

Station profiles

Plots of temperature, salinity, sigma-t, light attenuation coefficient, 
and Brunt-Vaisala frequency

N -(g/P) 1?-



where p = water density and g is gravity, as a function of pressure at each 
station are shown in figures 37-65. For the Brunt-Vaisala frequency, density 
was determined using the 1980 equation of state (Millero and others, 1980), 
and the gradient of the specific volume anomaly was estimated from a least 
squares fit of a straight line to nine observations (±40 m) centered about the 
specified depth. The Brunt-Vaisala frequency was not computed for the first 
and last four average depths; the magnitudes of N listed at these depths are 
the same as the Brunt-Vaisala frequency for the fifth and fifth to last depth, 
respectively. The different symbols used to distinguish variables are shown 
on each variable axis. XBT profiles have been limited to 500 m. The units of 
salt are practical salinity units (psu) and are defined by Lewis (1980). The 
data for the first CTD station (#2) were not recorded and the XBT at station 
21 malfunctioned so there are no plots for these two stations.

Data listing

A listing of the 10-dbar-averaged data is contained in Appendix I. For 
the data listings, time is in Eastern Standard Time, ATN is the beam 
attenuation coefficient, S1GT is the density anomaly sigma-t, N is the Brunt- 
Vaisala frequency, DYHT A is the dynamic height anomaly, and S SPD is the 
speed of sound in seawater computed using a Fortran subroutine given in 
Fofonoff and Millard (1983). For pressures greater than 500 dbar, the 10- 
dbar-averaged data are listed at 20-dbar intervals.
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Table 1. Hydrographic stations R/V OCEANUS Cruise 91, January 16-22, 1981

Station

1
2
3

4
5
6
7
8

Section

 
-
3

1
1
1,3
1
1

Date

JAN 17
JAN 19
JAN 19

JAN 19
JAN 19
JAN 19
JAN 20
JAN 20

Time

0033
1503
1930

2120
2235
2330
0150
0311

Latitude
(N.)

40°29.97 f
40°33.70'
40°32.07 f

40°28.66 f
40°29.00 f
40°29.35 f
40°29.35 f
40°29.23 f

Longitude
(W.)

70°13.44 f
67°44.72 f
67°42.95 f

67°45.23 f
67°43.28 f
67°42.18 f
67°40.51 f
67°39.86 f

Water
Depth
(m)

60
106
180

135
165
422
155
153

Type

XBT
CTD
CTD

CTD
CTD
CTD
CTD
CTD

26

JAN 20 0516 40°26.09 f 67°39.73 f

JAN 21 0420 40°36.78' 67°34.99'

605 CTD

10
11
12
13
14

15
16
17
18

19
20
21
22
23
24
25

2
2
2,3
2
2

3
3
3
-

4
4
4
4
4
4
4

JAN 20
JAN 20
JAN 20
JAN 20
JAN 20

JAN 20
JAN 20
JAN 21
JAN 21

JAN 21
JAN 21
JAN 21
JAN 21
JAN 21
JAN 21
JAN 21

0740
0855
0955
1155
1330

1451
2259
0011
0024

0047
0100
 
0210
0243
0300
0324

40°23.36 f
40°23.37 f
40°23.12 f
40°22.64'
40°22.88 f

40°18.25 f
40°16.90 f
40°14.09 f
40°15.52'

40°18.61 f
40°20.19 f
40°22.15'
40°23.81'
40°25.99'
40°28.92 f
40°32.28'

67°36.17 f
67°38.38'
67°39.88 f
67°40.98 f
67°43.14 f

67°39.83 f
67°39.12 f
67°37.00 f
67°33.77'

67°30.56 f
67°31.47 f
67°31.98'
67°33.14 f
67°33.70'
67°35.44 f
67°38.43 f

190
255
665
350
160

1425*
1355
1450
1380

1100
755
360
195
155
140
132

CTD
CTD
CTD
CTD
CTD

XBT
CTD
XBT
XBT

XBT
CTD
  

CTD
XBT
XBT
CTD

98 XBT

27
28
29
30
31

5
5-

5
5
5,3

JAN 21
JAN 21
JAN 21
JAN 21
JAN 21

1054
1107
1140
1210
1336

40° 0.70 f
40°58.13 f
40°51.94'
40°45.88'
40°40.00'

67°34.41 f
67°35.68 f
67°38.30 f
67°41.26 f
67°45.40 f

64+

70
73
71+

78

XBT
XBT
XBT
XBT
CTD

Time is Eastern Standard Time
Latitudes and longitudes computed using Northstar-6000 5101 algorithm

* from USGS MF-1710
+ from NOAA Chart 13200



Table 2. - Calibration data for R/V OCEANUS Cruise 91, January 16-22, 1981

Station

2

3

4

5
5

6
7

8
9

10

11
12
13

14
15
16
17
18
20
21
22
23
24
25
26
27
28
29
30
31

Sample 
deptha 

(m)

0
102

0
59

0
199

0
0

0
0

129

0
0

102
400

0
98

0
0
0

100

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Salinity (psu) Oxygen (ml/1) 
Bottle CTD° Residual ±ASC Bottle No. 

titrations

33.323
33.367

33.217
33.234

33.456
 

33.456
33.465

33.463
33.404
34.958

33.368
33.440
34.561
 

33.458
34.654

33.448
33.464
33.480
 

33.486
33.862
35.674
36.050
35.726
34.213
33.919
33.752
33.527
33.447
33.237
33.227
33.185
33.187
33.189
33.194
33.160

lost
lost

33.227
33.232

33.463
 

33.469
33.469

33.466
33.349
35.083

34.413
33.448
34.520
 

33.469
34.884

33.449
33.457
33.471
 

33.489
XBT
35.615
XBT
XBT
34.243
XBT
33.633
XBT
XBT
33.254
XBT
XBT
XBT
XBT
XBT
33.179

__
 

-0.010
0.002 0.000

-0.007

-0.013
-0.004

-0.003
0.055
-0.125 0.040

-0.045
-0.008
0.041 0.009
 

-0.011
-0.230 0.032

-0.001
0.007
0.009
 

-0.003
 
0.059
 
 
-0.030
 
0.119
 
 
0.017
 
 
 
 
 

-0.019

8.13d 2
 

 
5.38 3

4.49 2
 

 
 
5.94 2

 
 
 
6.81 3

_  
 

 
 
 
5.53 3

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

^Accuracy of sample depth is ±2 dbars.
' 'Surface depth varies from 1-4 dbars.
cChange in salinity between estimated depth (±2 dbar) of the sample bottle
"Depth unknown.
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Table 3. Nutrient and chlorophyll values for water samples obtained on
R/V OCEANUS Cruise

Sample 
Station depth PO^ 

(dbar) (yg-at/1)

2

3

4

5

6

7

8

9

0.
58.

102.

0.
29.
59.

126.
169.

0.
59.

126.

0.
30.
61.

101.
150.

59.
119.
349.
398.

0.
30.
62.

129.
144.

0.
29.
56.

135.
145.

0.
59.
99.

399.

0.63
0.71
0.64

0.70
0.52
0.64
0.99
0.78

0.77
0.96
0.92

0.56
0.49
0.90
0.63
1.15

0.83
0.89
1.42
1.27

0.79
1.12
0.78
0.88
0.91

0.69
0.87
0.69
0.99
0.96

0.81
0.90
0.85
0.93

91

Si04 
(yg-at/1)

2.90
3.50
3.40

1.70
1.20
1.50
6.60
6.30

5.80
6.00
8.10

4.20
3.70
6.60
4.70
10.80

6.00
6.40

13.60
13.00

5.00
3.70
5.10
7.00
7.10

4.50
5.20
4.00
8.10
9.10

6.50
6.50
6.30
7.00

N03 
(yg-at/1)

6.45
5.30
6.90

6.89
5.24
5.03

11.98
11.92

8.91
9.16

13.71

6.38
6.96
9.15
7.00

18.85

8.67
9.37

19.96
20.19

8.87
7.76
7.79
11.73
14.09

7.72
9.43
6.74

14.09
  

9.98
10.08
10.81
10.85

N02 
(yg-at/1)

0.12
0.11
0.13

0.17
0.15
0.11
0.10
0.08

0.11
0.08
0.12

0.04
0.08
0.05
0.02
0.09

0.05
0.06
0.04
0.05

0.15
0.16
0.04
0.05
0.03

0.10
0.16
0.07
0.02
0.05

0.12
0.05
0.08
0.08

NH3 Chlorophyll 
(yg-at/1) (yg-at/1)

0.17
0.68
0.41

0.63
0.36
0.35
0.36
0.44

0.37
1.12
0.40

0.16
0.36
0.69
0.13
2.54

0.17
0.20
0.15
0.51

1.38
0.53
0.18
1.20
0.27

0.35
1.78
0.18
0.18
0.25

0.68
0.17
0.16
0.53

0.91
0.38
0.90

1.20
1.60
1.60
0.35
0.07

0.20
0.13
0.19

0.23
0.11
0.21
0.13
0.03

0.16
0.26
0.05
0.00

0.61
0.61
0.34
0.07
0.06

0.32
0.31
0.37
0.10
0.15

0.32
0.29
0.18
0.23
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Table 3. Nutrient and chlorophyll values for water samples obtained on
R/V OCEANUS Cruise

Sample 
Station depth PO^ 

(dbar) (yg-at/1)

10 0.
59.
99.

15A.

11 0.
30.
56.

102.
238.

12 0.
98.

198.
436.
667.

13 0.
29.
59.
99.

1A 0.
29.
99.

1A2.
157.

16 0.
60.

100.
A01.
798.
999.

20 0.
33.
62.

101.
398.

0.81
0.85
0.70
0.82

0.86
0.77
0.81
0.72
l.AA

0.85
0.75
0.80
1.25
1.2A

0.80
0.79
0.62
0.66

0.68
0.52
0.53
0.63
0.79

O.A6
O.A7
0.52
1.12
1.02
1.00

O.A6
0.53
O.A6
O.A6
1.02

91   Cont.

SiOA 
(yg-at/1)

6.60
6.AO
4.70
6.70

7.60
6.30
5.90
5.10

13. AO

6.50
4.40
6.50

12.80
13.20

6.40
6.30
4.70
5.20

5.20
3.90
4.10
5.20
6.80

3.40
3.20
2.80

11.30
8.80

10.30

4.00
3.40
3.40
3.90

11.60

N03 
(yg-at/1)

10.19
9.61
8.37

12.21

9.71
9.48
9.24
9.37

20.57

9.74
9.17
12.00
19.08
19.99

9.74
9.62
7.74
8.28

7.45
6.05
6.91
8.82

12.78

6.95
6.44
5.52

17.17
12.87
14.90

6.27
6.54
6.07
6.50

16.36

N02 
(yg-at/1)

0.08
0.09
0.13
0.10

0.12
0.13
0.14
0.11
0.09

0.11
0.11
0.08
0.05
0.05

0.11
0.07
0.11
0.11

0.14
0.07
0.08
0.13
0.04

0.10
0.08
0.06
0.03
0.03
0.06

0.09
0.07
0.07
0.08
0.05

NH3 Chlorophyll 
(yg-at/1) (yg-at/1)

0.68
0.78
0.21
0.30

1.85
0.23
0.41
0.77
1.45

1.06
0.18
0.30
0.54
1.25

0.36
0.28
0.37
2.08

0.69
0.28
0.38
0.59
0.68

0.81
0.16
0.19
0.13
0.12
0.63

0.52
1.02
0.29
0.66
0.71

0.21
0.21
0.22
0.10

0.22
0.28
  
0.10
0.00

0.11
0.03
0.00
0.16
0.12

0.24
0.15
0.20
0.17

0.24
0.31
0.16
0.09
0.00

0.06
0.13
0.19
0.05
0.03
0.02

0.24
0.17
0.25
0.15
0.09
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Table 3. Nutrient and chlorophyll values for water samples obtained on
R/V OCEANUS Cruise

Sample 
Station depth PO^ 

(dbar) (yg-at/1)

22 0.
29.
61.

179.
194.

25 0.
30.
59.

111.
124.

31 0.
29.
59.
79.

0.51
0.52
0.52
0.62
0.58

0.41
0.50
0.42
0.52
0.78

0.56
0.54
0.77
0.75

91   Cont.

Si04 
(yg-at/1)

5.40
4.20
3.60
5.10
4.80

0.90
1.00
1.40
2.50
5.10

0.80
0.40
1.00
0.80

NO 3 
(yg-at/1)

7.44
6.76
6.87
6.22
9.37

4.44
5.06
4.92
6.09
9.97

6.41
5.94
6.79
6.96

N02 
(yg-at/1)

0.09
0.08
0.08
0.09
0.05

0.09
0.10
0.13
0.13
0.12

0.16
0.10
0.18
0.13

NH3 Chlorophyll 
(yg-at/1) (yg-at/1)

0.22
0.67
0.19
0.14
0.14

0.53
0.48
0.36
0.36
0.35

0.40
0.80
1.74
1.11

0.32
0.32
0.08
0.14
0.34

1.10
1.10
2.10
1.50
1.10

1.50
1.60
1.90
1.00
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Table 4. Suspended matter concentration and light attenuation coefficient
for

Station

3

4

6

8

9

10

11

12

13

14

water samples obtained on R/V OCEANUS 91

Water 
depth 
(m)

180

135

422

153

605

190

255

665

350

160

Sample 
depth 
(dbar)

29.
59.

126.
169.

59.
126.

59.
119.
349.
398.

0.
29.

135.
145.

59.
99.

399.

59.
99.

154.

238.

98.
198.
436.
667.

29.
59.
99.

29.
99.

142.
157.

Total 
suspended 
matter 
(ug/D

330.0
328.0
347.0
245.0

138.0
309.0

155.0
139.0
312.0
425.0

184.0
186.0
165.0
200.0

143.0
89.0
147.0

110.0
110.0
175.0

121.0

71.0
96.0

102.0
137.0

87.0
114.0
122.0

128.0
94.0
160.0
163.0

Non- 
combust . 
matter 
(ug/1)

144.0
96.0
166.0
124.0

49.0
149.0

35.0
21.0
194.0
300.0

57.0
60.0
58.0

108.0

8.0
28.0
35.0

6.0
62.0
56.0

53.0

4.0
17.0
84.0
92.0

21.0
30.0

113.0

26.0
38.0
50.0
97.0

Non- 
combust . 
matter 
(%)

44.0
29.0
48.0
50.0

36.0
48.0

23.0
15.0
62.0
70.0

31.0
32.0
35.0
54.0

6.0
31.0
24.0

5.0
65.0
32.0

44.0

6.0
17.0
82.0
67.0

24.0
26.0
93.0

20.0
40.0
31.0
59.0

Light 
attenuation 
coefficient 

(m-1 )

0.21
0.22
0.13
0.18

0.12
0.20

0.12
0.11
0.20
0.25

0.14
0.13
0.10
0.10

0.10
0.08
0.17

0.09
0.06
0.08

0.11

0.08
0.12
0.13
0.12

0.65
0.65
0.65

0.11
0.08
0.10
0.11
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Table A. Suspended matter concentration and light attenuation coefficient
for water samples obtained on R/V OCEANUS 91   Cont.

Station Water Sample
depth depth 
(m) (dbar)

16 1355 100.
A01.
798.
999.

20 755 33.
62.

101.
398.

22 195 61.
179.
19A.

25 132 30.
59.

111.
12A.

31 78 0.
29.
59.
79.

Total
suspended
matter 
(ug/D

99.0
90.0
88.0
82.0

116.0
85.0
85.0
113.0

8A.O
1A9.0
160.0

382.0
361.0
3A6.0
326.0

A59.0
1550.0
1127.0
1283.0

Non-
combus t .
matter 
(ug/D

20.0
22.0
22.0
25.0

12.0
16.0
6.0

17.0

22.0
57.0
65.0

198.0
193.0
203.0
156.0

158.0
A79.0
521.0
866.0

Non-
combust.
matter 
(%)

21.0
25.0
25.0
31.0

10.0
28.0
7.0

15.0

26.0
38.0
Al.O

52.0
5A.O
5A.O
A8.0

65.0
31.0
A6.0
67.0

Light
attenuation
coefficient 

(m-1 )

0.06
0.11
0.11
0.11

0.07
0.08
0.08
0.12

0.11
0.13
0.13

0.20
0.23
0.19
0.19

0.20
0.25
O.AO
O.AO
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Table 5. - Meteorological observations for R/V OCEANUS Cruise 91 obtained
from ship's Deck Log. (Time is Eastern Standard Time.)
[See Table 6

Date

Jan 16

Jan 17

Jan 18*

Jan 19

Jan 20

Jan 21

Jan 22

Time

1200
1600
2000
2400

0400
0800
1200
1600
2000
2400

1200
1600
2000
2400

0400
0800
1200
1600
1800
2400

0400
0800
1200
1600
2000
2400

0400
0800
1100
1600
2000
2400

0400
0800
1200

for key to meteorological observations]

Wind
Dir

NE
ESE
E
E

NE
NW
NW
N
NW
 

NNW
NNW
NW
WNW

WNW
WxN
WxN
W
WxS
W

W
NW
NW
NxW
NNW
NxW

NW
NW
NW
N
E
NExE

N
SE
SW

Force

3
3
2
4

2
6
5-6

6
6
 

4-5
5
6
6

7
6
5
5
7-8
5-6

6
6
5-6
5
4
4

3
2
2-3
3
2
3

3
1
4

Dir

__
ESE
ESE
 

 

VAR
NW
NNE
NNE
 

NNW
NW
 

WNW

NNW
 

WNW
WNW
WNW
W

WxN
WxN
WNW
NNW
NNW
NNW

W
 
 

NxW
NxW
N

N
 
 ""« "

Sea
Swell

__
2
2
 

2
5
3
3
 
 

1
2
 
3

3
 
3
3
4
3

3
3
3
1
2
1

2
 
 
2
1
1

2
0
 ""«"

Air
Height

2
2
2
3

3
5
4
5
4
 

3
3
4-5
4

5-6
5
4
3
5
4

4
4
3
3
3
3

3
1
2
2
1
2

2
0
3

Weather
Pressure Temp 

(mb) (°C)

1020
1018
1015
1011

1009
1006
1004
1002
1007
  

1008
1006
1004
1002

1000
1004
1004
1003
1004
1004

1006
1010
1013
1016
 
1020

1020
1020
1018
1017
1015
1012

1011
1009
-» ""

-1.1
1.1
3.3
2.2

2.8
1.7
1.1
 
-3.3
 

-5.5
-4.4
-1.7
-1.1

0.0
0.6
1.1
0.6
4.4
4.4

3.9
3.9
4.4
1.7
1.7
1.7

0.0
1.7
1.7
0.6
1.1
1.1

1.1
1.7
2.2

0

0

s
OS

or
 
OS

or
 
 

be
be
be
c

c
c
c
be
be
be

be
be ,r
c
c
c
c

be
be
be
be
be
be

be
 
le

* At WHOI dock 0020-0830
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Table 6. - Key to meteorological observations.

Swell Sea height

0 No swell
1 Low, short or average
2 Low, long
3 Moderate, short
4 Moderate, average
5 Moderate, long
6 Heavy, short
7 Heavy, average
8 Heavy, long
9 Confused

0 Calm
1 Smooth, less than I 1
2 Slight 1-3'
3 Moderate 3-5'
4 Rough 5-8'
5 Very rough 8-12'
6 High 12-20'
7 Very high 20-40'
8 Mountainous 40' and higher
9 Confused

Weather Wind
knots mph

be
d
f
h
1
0

c
P
q
r
s
t
z

scattered clouds
drizzle
fog
hail
lightening
overcast
mostly cloudy
passing rain showers
squalls
rain
snow
thunder
haze

1
2
3
4
5
6
7
8
9

10
11
12

1-3
4-6
7-10

11-16
17-21
22-27
28-33
34-40
41-47
48-55
36-63
64-71

1-3
4-7
8-12

13-18
19-24
25-31
32-38
39-46
47-54
55-63
64-72
73-82
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67°50 67°40 67°30

40°40

40°30

40°20

31 LYDONIA CANYON 
OCEANUS 91
JAN. 16-22,1981

100m

.XBT 

.CTD

5 km -

From USGS MF-1710
I____I____I____I____I____1____1

Figure 2 Location of stations occupied on R/V OCEANUS cruise 91, January 
16-22, 1981. The circled numbers identify the sections shown in 
figures 4-7.
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67°50 67°40 67°30

40°40

40°30

40°20

LYDONIA CANYON
MOORED ARRAY
DEPLOYMENT I

OCT -NOV I98O - APRIL 1981

  CURRENT

A DEEP INSTRUMENT PACKAGE

D SHALLOW TRIPOD

0 BOTTOM PRESSURE(204,207) 
LCA ffl

fflt-CM 
(203,219)

From USGS MF-1710

Figure 3a. Lydonla Canyon moored array, deployment I. Stations are indicated by 
letters. The three-digit number in parenthesis following the station 
letters is the mooring number. All data are referenced by this mooring 
number.
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STATION

DISTANCE (km)

500

1000

1500  

LYDONIA CANYON 
MOORED ARRAY

Location
  CANYON AXIS
  SHELF and SLOPE EAST 
D SHELF and SLOPE WEST 
A CANYON WALL EAST 

CANYON WALL WEST

Instruments 
V VACM
VP VACM with PRESSURE 
VT VACM with TRANSMISSION 
VTC VACM with TRANSMISSION and CONDUCTIVITY 
T TRIPOD (PRESSURE, CURRENT, TRANSMISSION, CAMERA) 
P PRESSURE 
CAM CAMERA

Figure 3b. Cross section of Lydonia Canyon and adjacent shelf and slope showing 
approximate positions of instruments in the moored array.
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Vertical sections

The section numbers follow the hyphen after the cruise symbol OC091 (see 
figs. 1, 2 and table 1). The station numbers are shown across the top of each 
section with the station type (C = CTD or X = XBT) and surface value of the 
contoured variable printed below. The location of the deepest measurement in 
the cast is shown by a dot below the station number. The contour intervals 
are also the same for each section (1°C for temperature, 0.2 psu for salinity, 
0.2 for sigma-t, and 0.05 m for attenuation coefficient). Because of the 
computer contouring routine, the shape and slope of the contours near the sea 
floor should be interpreted with caution (see text). Note also that the 
bathymetry is determined by the depths of the hydrographic stations and thus 
the sea floor is not accurately represented in regions where the depth changes 
rapidly.

22



200 -

300

o 
.a  o

ac i 
Q_ 
UJ 
O

TEMPERATURE "C 

OC091-1 

JAN. 198!

400

500

600

700

800
6 8 10

DISTANCE (kilometers)

- 500

- 600

- 700

800

23



too

200

300

o
_o

oc> 
Q.
UJ
o

400

500

600

700

SALINITY psu 

OC09H 

JAN. 1981

800
246

DISTANCE (kilometers)

- 200

- 300

- 400

- 500

- 600

- 700

800

24



100

200

300

o
JD o

400

500

600

5

C
26.30

6 
C

26.30

7 8
C C

26.29 26.30

700

SIGMA-t 

OC091-1 

JAN. 1981

800

100

200

300

400

500

600

700

800
2468

DISTANCE (kilometers)

25



100

200

300

o
.Q

400

500

600

5

C
0.13

6 
C

0.13

7 8
C C

0.13 D.U

700

ATM. COEFF m 

OC091-1 

JAN. 1981

-1

800

100

200

300

400

500

600

700

800
2468

DISTANCE (kilometers)

26



4 
C
.77

100

200

300

D 
JO.

Q_
LJ

400

500

600

5

C
0.56

700

PHOSPHATE 

OC091-1 

JAN. 1981

800

7 8
C C

0.79 0.69

2 4 6

DISTANCE (kilometers)

100

200

300

400

500

600

700

800

27



4 
C
80

100

200

300

o
-Q

400

4.20

7 8
C C

S.OO 4.50

100

200

300

400

500 500

600 600

700

SILICATE 

OC09H 

JAN. 1981

800
246

DISTANCE (kilometers)

700

800

28



4 
C
91

100

200

300

D
.n

a_
UJ 
CJ

400

500

600

5

C
6.38

7 8
C C

8 87 7.72

700

NITRATE /xg-at/L 

OC09H 

JAN. 1981

800
246

DISTANCE (kilometers)

100

200

300

400

500

600

700

800

29



200 -

300 -

o
_Q

O_ 
UJ

CHLOROPHYLL yug-at/L 

OC09H 

JAN. 1981

400 -

500 -

600 -

700 -

800
246

DISTANCE (kilometers)

- 600

- 700

800

30



4 
C

£850

100

200

300

o
_Q "O

t  
o.

400

500

600

700

TOTAL SUS.SED 

OC091-1 

JAN. 1981

800
246

DISTANCE (kilometers)

8 
C

184.00.

100

200

300

400

500

600

700

800

31



52.0 0

100

200

300

D 
.£>

Q_ 
UJ
o

400

C 
31.00

100

200

300

400

500 500

600 600

700

NON-COMBUSTIBLE % 

OC09H 

JAN. 1981

800
246

DISTANCE (kilometers)

700

800

32



14 
C

100

200

300

400

o_
UJ 
Q

500

600

13

C
6.30

12 
C

6.26

11

C 
6.25

700

TEMPERATURE C 

OC091-2 

JAN. 1981

800

10 
C

6.30

6 8 10

DISTANCE (kilometers)
12

22 
C

6.68

100

200

300

400

500

600

700

800
14

33



14 

C
13 49

100

200

300

400

500

600

13 

C

12 
C

33 47 __ 33.46

11

C
33.45

10 

C
33.47

22 
C

33 63

700

SALINITY psu 

OC091-2 

JAN. 1981

800

100

200

300

400

500

600

700

800
6 8 10

DISTANCE (kilometers)
12 U

34



14 
C

100

200

300

o
JQ

o_
UJ
o

400

500

600

13

C
26.31

12 
C

26.30

700

SIGMA-t 

OC091-2 

JAN. 1981

800

11 
c

26.30

10
c

26.31

22 
C

26.39

100

200

300

400

500

600

700

800
6 8 10

DISTANCE (kilometers)
12 14

35



100 -

200 -

300 -

800

ATM. COEFF m 

OC091-2 

JAN. 1981

400 -

500 -

600 -

700 -

6 8 10

DISTANCE (kilometers)

- 100

- 200

- 300

- 400

- 500

- 600

- 700

800
14

36



14 

C

13 
C

12 
C

.68 0.80 0.85

100

200

300

o
-O-o

400

500

600

11 

C
0.86

10 

C
0.81

22
C

0.51

700

PHOSPHATE 

OC091-2 

JAN. 1981

800

100

200

6 8 10

DISTANCE (kilometers)
12

300

400

500

600

700

800
14

37



14 
C

100

200

300

o
-Q

400

500

600

700

800

13 
C

6 40

12 
C

6.50

11

C
7.60

10 
C

6.60

22 
C

5.40

SILICATE yug-at/L 

OC091-2 

JAN. 1981

100

200

6 8 10

DISTANCE (kilometers)
12

300

400

500

600

700

800
14

38



100

200 -

300 -

o
-Q

800

NITRATE 

OC091-2 

JAN. 1981

400 -

500 -

600 -

700 -

6 8 10

DISTANCE (kilometers)
12

- 400

- 500

- 600

- 700

800
14

39



200 -

300 -

o
_a

a: i  
Q_

400 -

500 -

600 -

700 -

800
6 8 10

DISTANCE (kilometers)
12 U

- 200

- 300

CHLOROPHYLL 

OC091-2 

JAN. 1981

- 400

- 500

- 600

- 700

800

40



14 

C

100

200

300

D
-D-o

400

500

600

13

C
12 

C
11 10 

C

700

TOTAL SUS 

OC091-2 

JAN. 1981

SED

800
6 8 10

DISTANCE (kilometers)
12

22 
C

100

200

300

400

500

600

700

800
14

41



14 
C

13 
C

12 
C

11 10 
C

22 
C

100

200

300

o
-Q

Q_
UJ 
O

400

500

600

50

700

NON-COMBUSTIB 

OC091-2 

JAN. 1981

800

100

/////// / / / 200

6 8 10

DISTANCE (kilometers)
12

300

400

500

600

700

800
14

42



200 -

300 -

400 -
-C » 
Q_
LJ 
O

500 -

600

15 16 17 
X C X

TEMPERATURE C 

OC091-3 

JAN, 1981

700

800
20 30 40

DISTANCE (kilometers)

- 500

- 600

- 700

800

43



100 -

200 -

300 -

D
_Q

O. 
LJ 
O

400 -

500 -

600 -

700 -

800

- 200

- 300

. SALINITY psu 

OC091-3 

JAN. 1981

- 400

- 500

- 600

- 700

800
10 20 30 40

DISTANCE (kilometers)

44



31 
C

100

200

300

D
.a
XJ

:r i 
Q_

400

500

600

3 6 9 12 16
C C C C C

26.3026.30 26.29 26.30______26.82
I T

700

800

SIGMA-t 

OC091-3 

JAN. 1981

adjacent 
slope

100

200

300

400

500

600

700

800
10 20 30 40

DISTANCE (kilometers)
50

45



31 
C

.20

100

200

300

D 
-O

Q_ 
UJ 
O

400

500

600

36 9 12 
C C C C

16 
C

0.21 0.13 0.10 0.14 0.03

700

800

adjacent 
" slope

ATN. COEFF m 

OC091-3 

JAN. 1981

-1

100

200

300

400

500

600

700

800
10 20 30 40

DISTANCE (kilometers)
50

46



31 
C

3 6 
C C

.56 0.70

100

200

300

o
-Q

400

500

600

9 12

C C
0.81 0.85

16 
C

0.46

700

PHOSPHATE M9-at/L 

OC091-3 

JAN. 1981

800

100

200

300

400

500

600

700

800
10 20 30 40 50

DISTANCE (kilometers)

47



31 
C
.80

100

200

300

o
-Q

400

500

600

3 6 
C C

9 12 
C C

16 
C

1.70 6.50 6.50 3 40

700

800

SILICATE 

OC091-3 

JAN. 1981

10 20 30 40

DISTANCE (kilometers)

100

200

300

400

500

600

700

800
50

48



31 
C

5.41

36 9 12 
C C C C

6.89

100

200

300

o 
_a -o

400

500

600

9.98 9.74

16 
C

6.95

700

800

100

200

300

400

500

600

NITRATE 

OC091-3 

JAN. 1981

700

800
10 20 30 40

DISTANCE (kilometers)
50

49



200 -

300 -

D 
-Q

400 -

500 -

600 -

- 100

700 -

800
10 20 30 40

DISTANCE (kilometers)

- 200

- 300

3 6 9 12
C C C C

1.20 0.32 O.t!

CHLOROPHYLL 

OC091-3 

JAN. 1981

- 400

- 500

- 600

- 700

800

50



100 -

200 -

300 -

a
JD -o

400 -

500 -

600 -

700 -

800
10 20 30 40

DISTANCE (kilometers)

- 100

- 200

- 300

TOTAL SUS.SED 

OC091-3 

JAN. 1981

- 400

- 500

- 600

- 700

800

51



200 -

300 -

o
_Q

400 -

500 -

600 -

700 -

800
10 20 30 40

DISTANCE (kilometers)

- 200

- 300

NON-COMBUSTIBL 

OC091-3 

JAN. 1981

- 400

- 500

- 600

- 700

800

52



100 -

200 -

300 -

D 
JD

400 -

500 -

600 -

700 -

800

- 100

- 200

TEMPERATURE "C 

OC091-4 

JAN. 1981

300

- 400

- 500

- 600

- 700

800
10 20 30 40 50

DISTANCE (kilometers)

53



200

300

D 
-O

Q_ 
LiJ 
O

400

500

600

700

. SALINITY psu 

OC091-4 

JAN. 1981

800
10 20 30 40

DISTANCE (kilometers)

- 200

- 300

- 400

- 500

- 600

- 700

800

54



200

300

400

Q_ 
UJ 
O

500

600

700

800

22 20
C C

26.39 26.61

. SIGMA-t

OC091-4 

JAN. 1981

10 20 30 40

DISTANCE (kilometers)

- 200

- 300

- 400

- 500

- 600

- 700

800

55



31 
C

.20

100

200

300

o 
.n

Q_ 
UJ 
O

400

500

600

25

C
0.19

22 20
C C

0.16 0.13

700

ATN. COEFF m 

OC091-4 

JAN. 1981

-1

800
10 20 30 40

DISTANCE (kilometers)

100

200

300

400

500

600

700

800
50

56



31 
C

25

C
0.41

22 20
C C

0.51 0.46

100

200

300

o 
.n

Q_
UJ 
O

400

500

600

700

800

PHOSPHATE 

OC091-4 

JAN. 1981

100

200

300

'.0 - 400

500

600

700

800
10 20 30 40

DISTANCE (kilometers)
50

57



200

300

o 
_a

Q_ 
UJ

400

500

600

22 20
c c

5.40 4.00

700

SILICATE /ug-at/L 

OC091-4 

JAN. 1981

800

- 100

- 200

- 300

- 400

- 500

- 600

- 700

800
10 20 30 40

DISTANCE (kilometers)

58



31
C

i.4J_

100

200

300

o
_Q-o

Q_
UJ 
O

400

500

600

25

C
4.44

22 20
C C

7.44 6.27

700

NITRATE 

OC091-4 

JAN. 1981

100

200

300

400

500

600

700

800
10 20 30 40

DISTANCE (kilometers)

800
50

59



200 -

300 -

o
-Q

400 -

500 -

600 -

- 200

- 300

- 400

- 500

- 600

700 - - 700

800 800
10 20 30 40 50

DISTANCE (kilometers)

60



200 -

300 -

Q_ 
UJ 
O

TOTAL SUS.SED 

OC091-4 

JAN. 1981

400 -

500 -

600 -

700

800

- 500

- 600

- 700

800
10 20 30 40 50

DISTANCE (kilometers)

61



31 
C

65.00

100

200

300

o 
_a

400

500

600

700

BOO

25 
C

22 
C

20 
C

. NON-COMBUSTIBLE % 

OC091-4 

JAN. 1981

10 20 30 40

DISTANCE (kilometers)

100

200

300

400

500

600

700

800
50

62



27 28 

X
4.00
0

100

200

300

400

4.00

29 

X

30 

X
4.11

r TEMPERATURE °C 

OC091-5 

JAN. 1981

31 

C
4.50

100

200

300

400
10 20 30

DISTANCE (kilometers)
40 SO

63



Horizontal sections

Horizontal sections were constructed on the 10-, 50-, 100-, and 200-dbar 
pressure surfaces for temperature, salinity, density and light extinction 
coefficient. Sections for nutrients (PO^ SiO^, N03 , NH3 ) and chlorophyll 
were only drawn for the 0- and 100-dbar surfaces since there were fewer than 
seven samples at most stations. Dots indicate the location of stations that 
were used in contouring the section. All sections were contoured by hand.
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Temperature salinity diagrams

Plots of temperature vs. salinity by section (see fig. 1 and 2). Each 
station is identified with a different symbol. The symbols are plotted evety 
20 dbars, and the 100-, 200-, and 500-dbar points have been labeled.
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OC091--TS Diagram- Section 2
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TS Diagram - Section 4
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Station profiles

Vertical profiles of temperature, salinity, sigma-t, light attenuation 
coefficient, and Brunt-Vaisala frequency at each station are shown in 
figures 37-65. The profiles are drawn using the 10-dbar-averaged data. The 
data are listed in Appendix I. The different symbols used to distinguish 
variables are shown on each variable axis. XBT profiles are limited to 
500 m. The units of salinity are practical salinity units (psu) and are 
defined by Lewis (1980).
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OC091A CAST #3
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* N CPH
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OC091A CAST #4
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OC091A CAST #5
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OC091A CAST ll
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OC091A CAST fa
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OC091A CAST #10
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22.00 22.50 23.00 23.50 24.00 24.50 25.00 25.50 26.00 26.50 27.00 27. bO 28.00 28.50 29.00 29.50 30.00
|______I i_____ ;____ j_____ i i______j______j______j______j______j_____ i___ i_____f____ )_____l
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OC091A CAST #1
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SIGUA-T KG/M**3
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|______|______]______|______|______|______|______|_______L______I______I______1______I______I______I______I______I

t TEMP C
8.00 10-"0 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

0
-2.00 0.00 2.00 4.00 6.C

50-

100-

ISO-

200-

250-

300-

350-

400-

450-

500 J

 100

h50

 200

250

300

 350

400

450

500

104



OC091A CAST 112

DO o. i3 6.Z5 9.o3
N CPH
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2 ATN COEFF U- 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80

SIGUA-T KG/M**3
22.00 22.50 23.00 23.50 24.00 24.50 25.00 25.50 26.00 26.50 27.00 27.50 28.00 28.50 29.00 29.50 30.00

0 SALINITY PSU
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+ TEMP C
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OC091A CAST fl3
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OC091A CAST #14

* N CPH
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* SIGMA-T KG/y**3
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OC091A CAST Il6

0.00 3. i3 9.J8 12. bO I5.t>3
*
18. 7b

N CPH
21.87 25.00 28 \l 34.38 37.50 40.«3 43.7s 46.88 sfl.flO
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OC091 XBT-19
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OC091A CAST #20
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OC091 XBT-23
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Appendix I. - Data listings

The 10-dbar-averaged data are listed in Appendix I. For the data 
listings, time is in Eastern Standard Time, ATN is the beam attenuation 
coefficient, SIGT is the density anomaly sigma-t, N is the Brunt-Vaisala 
frequency, DYHT A is the dynamic height anomaly, and S SPD is the speed of 
sound in seawater. There are no listings for station 2 and 21.
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Appendix II. Manufactures' specifications for instruments used 
on R/V OCEANUS cruise 91 for calibration of CTD (see text)

Instrument Sensor Range

CTD

XBT*

Conductivity 
Temperature 
Pressure 
Oxygen
Light

T-4
T-5
T-6
T-7
T-10

Salinometer  

Winkler  

Accuracy

1 to 65 mmho ±0 
-32 to +32°C ±0 

0-3200 dbar ±3 
0-2 yA ±2
0-4.50 v

0-460 m
0-1830 m
0-460 m
0-760 m
0-200 m

0-40 ppt

0-10 ml/1

±0

±0
±0
±0
±0
±0

±0

±0

.005 mmhos 

.005°C 

.2 dbar 
nA
.1

.1°

.1°

.1°

.1°

.1°

V

C, ±2%
C, ±2%
C, ±2%
C, ±2%
C, ±2%

depth
depth
depth
depth
depth

.003 ppt

.04 ml /I

Resolution

0 
0 
0 
0
0

0
0
0
0
0

0

0

.001 mmhos 

.0005°C 

.048 dbar 

.5 nA

.01 v

.01°C

.01°C

.01°C

.01°C

.01°C

.0002

.2%

, 0.
, o.
, 0.
, 0.
, o.

ppt

65
65
65
65
65

m
m
m
m
m

*See text for discussion of temperature and depth accuracy.
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Appendix III. - NBIS CTD 9-track tape format

The NBIS CTD tape recorder interface writes two types of records; data 
records and header records. The records are 512 bytes (8 bits/byte) long. 
The usual sequence in a CTD cast will be one header record, followed by data 
records, followed by an End-Of-File.

Data records

A single scan of CTD data is 13 bytes long, 1 byte of frame sync and 
12 bytes of data (table 1). An integer number of data scans is packed into 
512 byte data records. For the USGS CTD, a data record contains 39 scans of 
data, and the remaining 5 bytes in the data record are filled with zeros.

Header records

A scan of header information consists of 8 bytes. The first byte is 
frame sync, which is either 00 (all "0"s) or FF (all "l"s). The remaining 
7 bytes represent 14 BCD digits (4 bits each) which may be set on the CTD 
front panel. The 8 byte scan of header information is padded with zeros. One 
header record is written on the 9-T tape when "enter CTD header" data button 
is pushed.

Appendix Table III-l. - Bit assignments for USGS NBIS CTD

Byte Variable Range Conversion

1
2
3
4
5
6
7

Frame sync
Pressure LSB
Pressure MSB
Temperature LSB
Temperature MSB
Conductivity LSB
Conductivity MSB
Sign

15 or 240
0-65535

0-65535

0-65535

v 20 = P (dbars)

* 2000 = T (°C)

* 1000 C (mmho)

LSB = pressure negative

8 Oxygen current 0-4096
9 (12 bits only)

10 Oxygen temperature 0-255
11 Transmission 0-4096

2nd = temperature negative 
3rd - oxygen temperature

negative 
4th-8th = zero 
f 2000 = current (yA)

x 256 T 2000 T (°C)
x 32 T 4096 = TR (volts)
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Appendix IV. Methods for nutrient analysis

Automated methods for nutrients were based on Wood, Armstrong and 
Richards (1967) for nitrate, Bendschneider and Robinson (1952) for nitrite, 
Murphy and Riley (1962) for phosphate, Koroleff (1976) for silicate, Solorzano 
(1969) for ammonia, and described in Technicon Corp. Industrial method papers 
(1973). During analytical work with water samples some minor and major method 
changes have been made.
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